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Abstract
The study applied Lotka’s law of the author’s productivity in the field
Thermodynamic from 2015 to 2019. The Goodness of fit test Kolmogorov – Smirnov (K-S)
test was applied to the data of thermodynamics research. It is found that the applicability of
Lotka’s law is confirmed with 0.003 level of significance in the field of Thermodynamics. Bur
Lotka’s inverse square law does not fit the present data. The study found that the most
productive author is ‘Wang, J.’ with 159 articles, and the most productive journal is ‘Journal
of Molecular Liquids’ with 547 published articles in Thermodynamics. The study reveals that
maximum countries show international collaboration trends.
Keywords: - Lotka’s Law, Kolmogorov – Smirnov (K-S) test, Keyword analysis, Keyword plus, Domestic
Collaborative Index, International Collaborative Index, Title word analysis, Lotka’s Inverse Square Law.
1. Introduction
Bibliometrics and Scientometrics are techniques that evaluate the published research qualitatively
as well as qualitatively. 1Pritchard (1969) emphasized that the purpose of bibliometrics is to shed light on
the processes of written communication and of the nature and course of development of discipline by means
of counting and analysing the various facets of written communication through descriptive study and
behavioural studies. Bibliometrics analyses the published Scholarly communication. The descriptive study
of Bibliometrics analyses the form of transmission medium of communications, nature of information
conveyed in literature, and the amount of information conveyed by various individuals, groups,
organizations, and countries. In behavioural studies of bibliometrics citations received by authors are
studied which help to understand most cited authors, most cited journals, linkages exist between the citing
and cited work, subject distribution, and scattering of core literature of any subject. Behavioural studied
also refers to ‘Evaluative Bibliometrics’. One of the main areas in bibliometrics research concerns with the
applications of Bibliometrics laws. The three most commonly used laws in bibliometrics are Bradford's law
of scattering, Lotka's law of Scientific productivity, and Zipf's law of word occurrences. The present study
deals with testing the applicability of Lotka's law of the author’s scientific productivity in
Thermodynamics literature published from 2001 to 2019.
‘Thermodynamics’ is one of the important branches of physics. It deals with heat and temperature
and their relation to energy, work, radiation, and properties of matter. These studies of Thermodynamics
are governed by the four laws of thermodynamics. Thermodynamics is the subject evolved in 1824 by
French physicist ‘Nicolas Leonard Sadi Carnot’. He applied the knowledge or principles of
thermodynamics for engine efficiency. Scots-Irish physicist ‘Lord Kelvin’ first define thermodynamics in
1854. He started "thermodynamics is the subject of the relation of heat to forces acting between contiguous
part of bodies, and the relation of heat to electrical agency." Thermodynamic initially used in Mechanical
heal engines and later it is used in chemical compounds. Now thermodynamics used in ‘Physical
Chemistry’, ‘Chemical Engineering’, ‘Mechanical Engineering’, and Meteorology’.

2. Review of Literature: 1Kaur, Har and Gupta, B. M. (2010) examine the research output of dental science in India. Several
parameters are used including the county’s annual average growth rate, global publication share,
international collaboration of major collaborative partners. The study reveals that India holds 14th rank
among 20 productive countries in dental science with 1.66% global publications output. India had an annual
averages growth rate 35.31% during the study period. In dental research largest collaborator was ‘United
States’ with 41.38% share. The study shows ‘Keerthilatha Pai’ was the highest productive author. The
largest participation was from ‘Regional Cancer Centre, Trivandrum. The study derived the conclusion that
dental science research is in a poor state of affairs in India both in terms of output as well as in quality.
2Kademani, B. S and et.al. (2008), analyse the growth and development of vacuum research in
nuclear science and technology publications by the International NuclearInformation System (INIS)
database. The study found the authorship and collaboration trend is toward multi- authored paper. ‘Japan
Atomic Energy Research Institute’ is the highest productive institute. ‘Journal of Vacuum Science and
Technology’ has the highest preferred journal with 857 papers. The study deals with geographical
distribution of publications, productivity and domain- wise activity index, authorship and collaboration
pattern and high frequency keyword appeared in research articles.
3Chaman, Sab M., and et.al. (2019) studied the scientific productivity of Oceanography literature.
The study deals with various aspects such as the growth of papers, most prolific authors, institutions
involved, relative growth rate, and doubling time. It reveals that India has produced 985 papers from 20112015 and received 2286 citations 'Indian Journals of Geo Marine Science’ has published the highest articles
with 412 (41.83% of total output). ‘USA' is the most productive country with 55 articles. Relative growth
rate found decreased from 0.70 to 0.19 and Doubling time increased from 1.01 to 2.81 ‘National Institute
Oceanography, Goa’ is the most productive institution with 110 publications.
4Arunachalam, Subbian, and Gunasekaran Subbian (2002) conducted a study on tuberculosis
research in India and China. Study indicates that India and China are leading countries in the incidence of
tuberculosis with 23% and 17% respectively. But the research output of India is only 5-6 % of the World
research output and China had only 1% research productivity compared to World. The paper denotes the
various bibliometrics indicators such as high impact journals, citation ranking, collaboration, institutional
ranking, document types. The study shows that the highest preferred journal in tuberculosis is 'Tubercle
and Lung Disease' with 75 papers and 224 citations.
5Hadagali, Gururaj S. (2019) studied Scientodermetric analysis of Materials Science research. The
study shows that various parameters used such as relative growth rate (RGR), Doubling Time (Dt), Activity
index (AI), Publication Efficiency Index (PET), and relative comparative advantage for publication (RCAP)
are used. The study found that India had 5.61 % publications out of the total scientific publications of World
with 2,87,736 publications. The annual growth rate found highest in Iran i.e. 27.00. Activity Index shows
more than 1 by nine countries which indicates that the research efforts of these countries correspond to the
World’s average. The PET score shows that the USA (1.48), England (1.19), Australia (1.14), Germany
(1.09), and France (1.07) received more than one which shows that the publications of these countries are
more than research efforts taken during the study period.
6Ahmad, Muneer (2019) tested Lotka's law and pattern of author productivity in Artificial
Intelligence. The article applied Lotka’s law on authorship productivity and found applicable for the
Artificial Intelligence field. K-S statistical test was applied to measure the degree of agreement between
the distribution of the observed set of data against the inverse general power relationship and the theoretical
value of a=2. It is found that the inverse square law of lotka follow as such. Apart from Lotka’s law, the
study analyses literature with some other Scientomatics indicators such as collaboration indices, RGR, and
DT. The study found 0.863 average growth rate.
7Kumar, Narendra (2010), applied Lolka's law to research productivity of the Council of Scientific
and Industrial Research (CSIR), India. Instead of using Lotka’s law on a particular subject or discipline, it
is used on the productivity of authors from CSIR which is one of the recognized and world's largest publicly
funded R&D organization. The study shows that Lotka's law applied to published articles in two durations
first is from 1988-1992 and the second is from 2004-2008. Kolmogorov – Smirnov K-S test is applied for
the fitness of Lotka's law. But it does not fit to the two sets of CSIR data result which indicates that the

value of D-Max, i. e. 0.0333 and 0.0798 determined with Lotka's exponent a=1.682 and a=1.649 for DS-I
and DS-2 respectively which are more close to the D-Max Value 0.0321 and 0.0249 determined with the
Lotka's exponent a=2. Critical value determined at the 0.01 level of significance i.e. 0.0217 and 0.0130.
Thus, the distribution frequency of the authorship doesn't follow the exact Lotka's Inverse law with the
exponent a=2.
3. Objective of study: 1. To investigate year wise and document wise publication patterns.
2. To find out, leading author's key words, keyword plus, and title keywords through keyword analysis.
3. To verify the Lotka's law in its generalized form as well as in Inverse square from in the field of
Thermodynamics
4. To apply the non-parametric Kolmogorov – Smirnov (K-S) test of 'Goodness-of-fit’ for conformity of
the Lotka's law.
5. To find out most preferred journals in the field of Thermodynamics.
4. Methodology and data sources: The data is derived from the 'Web of Science' in the form of plain text. The keyword
‘Thermodynamics’ OR ‘Basics of heat and temperature’ are used to find out data from the Web of Science.
'Topic' is metadata category used to retrieve data. Through customize year option, the duration is selected
from 2015 to 2019. Total 29919 records are analysed. Data is analysed with the help of Bibexcel, Rprogramming, and Microsoft Excel. The following are the indicators and Lotka's law used for data analysis.
4.1. Lotka's law: Alfred James Lotka is Chemist, Demographer, Ecologist and Mathematician. He published a paper
in 1926 in the Journal 1 of the Washington Academy of Science. The study is about the frequency
distribution of scientific productivity of authors observing the publication listed in ‘Chemical Abstracts’
for the period 1907-16. He showed that the number of authors with ‘n’ publications in a bibliography is
described by a power law of the form ‘c/na’ where ‘c’ is a constant. The law states, "... the number (of
authors) making 'n' contributions is about 1/n2 of those making one and the proportion of all the authors
that make a single contribution is of about 60 percent...". It means that in a subject or discipline, 60% of
the authors produce one publication; 15% produces two publications (1/22*60); 7% produces three
publications (1/32*60), and so on. Lotka's law, when applied to large bodies of literature over a fairly long
period of time, can be accurate in general but not statistically exact. The law claimed that once the number
of authors writing one paper only is known than the number of authors writing two, three or more may be
predicted.
Lotka's law can be represent in the following equation no I.
xn *y = c
Where, ‘x' is the number of articles published (1,2, 3…)
'y' is the number of authors with frequency 'x' number of articles
'n' is an exponent that is constant for a given set of data
'c' is a constant.
When n=2 used for a data set then the law is called Inverse square law of scientific productivity. If
the special case n=2 the constant is 0.6079. The value of 'n' differs from data set to data set. In the present
study linear least square (LLS) method defined by ‘Pao’ has been used to calculate the value of 'n'. It is
calculated by the following formula (equation No. II)
𝑁 ∗ ∑𝑋𝑌 − ∑𝑋∑𝑌
𝑛=
𝑁 ∗ ∑𝑋 2 − (∑𝑋)2
Where, X=the logarithm value of 'x' i.e. number of publications.
Y=is the logarithm value of 'y' i.e. number of authors.
N=is the number of data pairs available for study.
The constant 'c' can be calculated by (equation No. III)

𝑐=

1
1
∑ 𝑥𝑛

To examine the observed frequency pattern of the author's productivity suits the expected frequency
pattern. ‘Peo’ advised applying the non-parametric Kolmogorov – Smirnov (K-S) goodness -of- fit test. To
check it, the highest deviation between the observed cumulative relative frequency and expected cumulative
relation frequencies needs to be considered and then compared it with the critical value (C.V.) which can
be calculated by the following equation determined by Nicholls. (equation No. IV)
𝑛
𝑐. 𝑣. =
√∑𝑦
4.2. Goodness of Fit test: There are many goodness-of fit tests are available for conformity and testing the validity of data.
Kolmogorov – Smirnov (K-S) test and Chi Square test are frequently applied as a goodness of fit apparatus.
In the present study, K-S test is used to verify the Lotka's law.
4.3. K-S test: K-S test is carried out by calculating the theoretical and observed cumulative frequency distribution
of authors the difference at each level of cumulative frequency distribution is counted. The maximum
difference is observed and further, it is compared with the critical value calculated using equation no. IV.
If the difference is less than the critical value, it is accepted otherwise rejected.
4.4. Domestic Collaborative Index: Collaboration can be classified as Local, Domestic, and International collaboration. In the present
study, domestic and international collaboration are considered. If the affiliation of authors of an article
belong to one country, then that published paper is called domestically collaborated paper. Generally, any
institute starts its research publications with domestic collaboration and gradually international
collaboration increases. To calculate the degree of domestic collaboration DCI (Domestic Collaborative
Index) is used. It is calculated by the following formula.
D𝑖/D𝑖𝑜
DCI =
𝑋 100
D𝑜/D𝑜𝑜
Where, Di= number of domestically co-authored paper for block ‘i’
Dio = number of domestically co-authored paper for all the blocks
Do= Total number of co-authored papers
Doo= Total output
4.5. International Collaborative Index: If the affiliation of at least one author of an article belongs to a foreign country, then that published
paper is called internationally collaborated paper. The degree of international collaboration is calculating
by ICI (International Collaboration Index) by the following formula
I𝑖/I𝑖𝑜
ICI =
𝑋 100
I𝑜/I𝑜𝑜
Where, Ii= number of internationally co-authored papers for block ‘i’
Iio = number of internationally co-authored paper for all the blocks
Io = Total number of co-authored papers for block
Ioo= Total output
If the value of DCI or ICI is equal to 100 it means a given country’s collaborative efforts correspond to
the World average. If DCI or ICI >100 indicates collaboration efforts higher than World’s average and if
DCI or ICI<100 it means less than average collaboration.
9Katz and Martin (1997) discussed about the type of research collaboration. In the paper they
distinguished between collaboration at different levels and show that that inter-institutional and

international collaboration need not necessarily involve inter-individual collaboration. It expressed that Coauthorship is no more than a particular indicator of collaboration. 10Katz and Hicks (1997) explored how
the impact varies with different types of collaboration. In the present study, DCI and ICI are calculated to
compare country-wise collaboration efforts.
5. Analysis of Data: 5.1. Documents wise analysis: Total 29919 documents are found published on Thermodynamics from 2015 to 2019. It is found
that 16 types of documents are published. The highest documents are published in the form of research
articles with 2752 records. It is 92.06% of the total published documents. 1071 are Review articles
published with 3.58% contributions to the total. 603 are Proceedings papers with 2.02 % contributions.
Other important forms of documents are Review Book Chapter with 73 records and Article Book Chapters
are 15. All types of documents received 256884 citations.
It means 8.6 average citations per documents received during the study period. Total contributed authors to
the documents are 118954. It means 0.463 documents per author and 2.16 authors per document are
recorded.
Table No.1 Document wise distribution of publications

5.2. Year-wise analysis of publications: The table No. 2 expressed the highest documents are published in 2019 with 6486 records but as these
documents published duration is only one year for citation, they received only 11161 citations which are
4.34% of the total. The lowest number of documents are published in 2015 with 5500 records. But these
documents received 88135 citations which are 34.31% of total citations in 5 years duration. The table shows
that there is continuous glide in publications.
Table No. 2 Year wise distribution of publications

5.3. Contributed authors ranking: As per table No.3 represents the most productive author in the field of Thermodynamics is 'Wang
J.' with 159 articles. The second and third highly productive authors are 'Liu Y' and 'Li J' with 142 and 117
published articles respectively. The table also represents the highest citations received by 'Wang J' with
1577 citations. But the highest average total citations per paper received by 'Hendi S.H.' with 22.68 TCPP
and highest average citations per year is received by 'Wand J' with 815.40 TCPY. The table represents the
first 50 highly contributed authors with 31 ranks.
Table No. 3 Ranking of the contributed authors in ‘Thermodynamics’ with citation details

5.4. Country wise distribution of domestic and international collaboration: The study used Domestic Collaborative Index (DCI) indicator to measure the domestics degree of
collaboration and International Collaborative Index (ICI) for measuring the degree of international
collaboration. As per data, it is found that the highest domestic collaboration found by 'China' with 131.73
DCI score and lowest found by 'Swizerland' with 42.28 DCI score. As per DCI indicator output tells that
if DCI value is more than 100 it means collaborative efforts taken by the country in research correspond to
the world's average. From the data it is clear that in domestic collaboration ‘China’ (131.73), ‘USA’

(103.30), ‘India’ (1333.39), ‘Russia’ (118.20) ‘Iran’ (127.92), ‘Brazil’ (100. 09) and Turkey (123.89)
corresponds their collaborative efforts to world’s average in the field of Thermodynamics.
As data conveys the information that the highest international collaboration efforts found by ‘Soudi
Arabia’ with 180.42 ICI score and lowest by ‘India’ with 55.03 ICI score. The data in table No. 4 denotes
that ‘Germany’ (140.10), ‘France’ (148.45), ‘England’ (165.75), ‘Italy’ (123.59), ‘Japan’ (111.83),
‘Canada’ (143.38), ‘Spain’ (158.59), ‘South Korea’ (102.02), ‘Australia’ (153.37), ‘Poland’ (104.63),
‘Soudi Arabia’ (180.42), ‘Switzerland’ (177.74) and ‘Sweden’ (168.56) are the countries whose
international collaborative index is more than 100. It means collaborative efforts taken by these countries
corresponding to the world average in international collaboration in field of Thermodynamics. The table
expressed the highest contributed 20 countries out of which 13 countries show international collaboration
trends. It means in the field of Thermodynamics international collaboration trend is available during the
study period.
Table No. 4 Country wise distribution of Domestic and International Collaboration

Graph No. 1 Country wise distribution of Domestic and International collaboration

5.5. Keyword analysis: Keyword means most frequently used words to express the content of topics. Authors generally
express the key concepts in different parts of the paper. Titles of the paper always expressed in a meaningful
way that clears the topic of research and methodology used in the paper. It expresses clear content of paper
with less words. Through title analysis, one can get the most important words or concepts of that field.
Similarly, authors always provide keywords in the papers in the keyword section. These also expressed
main concepts and related theoretical concepts. It also expressed the statistical application and

methodological related topics. So, with the help of keyword analysis, one can easily gather the most
important words in a particular field. Another important word analysis is keyword plus. These are the words
or phrases that frequently appear in the titles of an article’s references. It means these words are index from
cited articles. From 1991 onwards Web of Science is providing keyword plus facility. This type of keywords
also represents the main concepts of a particular field.
In the present study, title words, keywords and keywords plus have been listed and ranked as
per the frequency. Table No. 5 expressed Author keywords, keywords plus and Title worlds. As per the
table first five most occurred author keywords are ‘thermodynamics’ (7919), ‘kinetic’ (1929), ‘water’
(1753), ‘adsorption’ (1622), and ‘model’ (1526). As per keyword plus list first five keywords plus are
‘thermodynamics’ (4767), ‘adsorption’ (1655), ‘kinetics’ (1563), ‘solubility’ (436) ‘entropy’ (393). As per
the table, five most frequently occurred title words are ‘thermodynamics’ (7763), ‘adsorption’(2041),
‘study’(1731), ‘kinetics’(1614) and ‘aqueous’(1593). The table gives the first 50 frequently occurred words
each from authors keywords, keyword plus, and title words.
Table No. 5 Keyword analysis from Authors keywords, Keywords plus, Title words

5.6 Ranking of preferred journals by contributed authors: The table No. 6 represents the first 60 most contributed journals in the field of thermodynamics.
The listed journals are arranged by descending order of the contributions. The first ranked journal is ‘Journal
of Molecular Liquids’ with 547 contributed articles. The second and third rank journals are ‘Physical
Review E.’ and ‘Desalination and Water Treatment’ with 507 and 451 contributed articles in
thermodynamics during the study period. The highest citations received by the preferred journal is ‘Journal
of Molecular Liquids’ with 6233 citations. ‘Chemical Engineering Journal’ is received highest average
citations per article with 37.79 ACPP and ‘Journal of Molecular Liquids’ received highest average citations
per year with 1246.60 ACPY. The table also represents the h-index calculated in 2019 and it shows that
‘Journal of Molecular Liquids’ received 38 h-index which is highest among all preferred journals during
the study period. ‘Abstracts of Papers of the American Chemical Society’ published 229 articles and
obtained rank 16 in preferred journals list but it has not received any citation during the study period.
Table No. 6 Ranking of most productive Journals in the field of Thermodynamics

5.7 Application of Lotka’s law: 5.7.1 To determine the value of ‘n’, ‘c’ and c.v.: Lotka’s law is about the frequency distribution of authors’ productivity in the given subject. In the
present study, an attempt is made to study the applicability of Lotka’s law in the field of thermodynamics.
To apply Lotka’s law following table is created from the data extracted from the Web of Science.

In the above table ‘x’ denotes that the number of single-author publications and ‘y’ denotes the
number of authors having a single publication. Study attempt to find out whether these authors’ productivity
fits in Lotka’s law or not. The first step in applying Lotka’s law is to find out the value of ‘n’, ‘c’, and
critical value (c.v.) from the data of the present study.
The value of ‘n’ can be calculated using the following formula
𝑁 ∗ ∑𝑋𝑌 − ∑𝑋∑𝑌
𝑛=
𝑁 ∗ ∑𝑋 2 − (∑𝑋)2
𝑛=

(21 ∗ 88.663) − (45.380 ∗ 60.995)
(21 ∗ 111.434) − (45.380)2

𝑛=

−906.03
280.7544

𝑛 = −3.23
Therefore 𝑛 =-3.23.
‘c’ will be calculated with following formula
1
1
𝑐 = 1 …… (from the above table the value of ∑ 𝑥 𝑛 =1.1617)
∑ 𝑛
𝑥

𝑐=

1
1.1617

𝑐 = 0.86
Critical value can be calculated with

𝑐. 𝑣. =
𝑐. 𝑣. =

𝑛
√∑𝑦
3.23
√17412

𝑐. 𝑣. = 0.0245
From the above mathematical calculation n=3.23, c=0.86, c.v.=0.0245.
5.7.2 Kolmogorov – Smirnov (K-S) Test (n=3.23 c= 0.86 and n=2 and c= 0.6.79)

The K-S goodness-of-fit test is used to test the fitness of Lotka’s law. As per the table represents
that this test applies to data and tested on the observed frequency of authors in comparison with the expected
frequency of the author’s productivity. It is observed that the maximum deviation between cumulative of
observed and expected distributions was found Dmax=0.028 in the present study where n=3.23 and c=0.06.
It is found that the maximum deviation between cumulative of observed and expected distributions of
authors’ productivity as per Lotka’s law was Dmax=0.197 where n=2, c=0.6079. In the first case Dmax=0.028
which is more than the critical value observed i.e. 0.0245. The difference between the two is 0.0035. so, it
can be affirmed that the K-S test reveals that present data set confirms the applicability of Lotka’s law in
the field of thermodynamics with 0.003 level of significance. In the second case with Lotka’s inverse square
law, the Dmax value is 0.197 which is more than critical value i.e. 0.0245, But the difference between the
two is 0.172 which is more than level of significance 0.01. So Lotka’s inverse square law will not confirm
the present data.
6.Finding and Conclusion: The study reveals the following findings in the field of Thermodynamics
1. Documents analysis shows that the highest documents are published in the form of articles with 2752
records which are 92.06% of the total contribution.
2. The average citations per document are 8.6. and total authors contributed are 118954 which means
0.463 document per author and 2.16 authors per document.
3. The Year-wise analysis shows the highest documents are published in 2019 with 6486 records and
highest citations received in 2015 with 88135 citations which are 34.31% to the total citations.
4. The most productive author in Thermodynamic is ‘Wang, J’ with 159 articles, and the same author
received the highest citations with 1577.
5. ‘Hendi, S.H.’ received the highest average total citations per paper with 22.68 TCPP.
6. Out of the highest 20 contributed countries, 13 countries show international collaboration trends in the
subject of Thermodynamics.

It is found that the most productive preferred journal is the ‘Journal of Molecular Liquids’ with 547
contributed articles and the highest citations received in study duration with 6233 citations. The same
journal received 38 h-index score which is highest in all journals.
8. Lotka’s law of author’s productivity in the field Thermodynamic confirms for the present data with
0.003 level of significance. But Lotka’s inverse square law does not confirm to the present data of
Thermodynamics.
7.
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